COURSE DESCRIPTION

1. GENERAL INFORMATION

SCHOOL

CIVIL ENGINEERING

DEPARTMENT

EDUCATION LEVEL

Undergraduate

COURSE CODE

1046 | SEMESTER

| 9

COURSE TITLE

STOCHASTIC METHODS

COURSE UNITS
O€ TTEPITITWOT) TTOU 01 OIOAKTIKES ATTOVEUOVTQI O€ OIQKPITA UEPN TOU UABRUATOGTT. X.
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2. LEARNING OBJECTIVES

Learning Objectives

SupuPBouAeureite o lMNMapdptnua A

Eupwrraikou Xwpou Avwrartng EKmaideuong

lepiypagpovral Ta uyabnaoiakd amoreAéouara Tou uabrnuarog of GUYKEKPINEVES YVWOEIS, OEEIOTNTES KAl IKAVOTNTES
KaraAAnAou emirédou mou Ba aTTOKTHOOUV OI QOITNTEG UETA TNV ETTITUXT OAOKANPWON ToU Labnuarog.

o [lepiypagpn rou Emmédou rwv Mabnoiakwv ArroreAsoudrwy yia kGOe éva kUkAo amoudwy alupwva e lAaioio Mpoodviwy Tou

o [lepiypagikoi Acikteg Emmirédwv 6, 7 & 8 rou Eupwrraikou MAaiciou lMpoodviwv Aid Biou Maénang kai lNapdprnua B
o [lepiAnmrTikdg OOnyog ouyypapns Mabnoiakwv AmoteAeoudrwy

Knowledge:

The course provides the knowledge required for modeling uncertainties in engineering problems through
stochastic simulations. It explores the concept of Monte Carlo simulation in depth, presents the
mathematical background for series representations of stochastic processes and it describes the
methodologies for uncertainty quantification, as well as reliability analysis in construction and civil
engineering systems. Throughout the course, the significant role of data in modern engineering science is

highlighted.

Skills:

numerical problems.

Upon successful completion of the course, the student will be able to:
» ldentify the sources of uncertainty, inherent in complex engineering systems.
» Understand the capabilities of the Monte Carlo simulation method for stochastic as well as deterministic

» Understand and employ stochastic calculus tools, stochastic simulation methods, as well as stochastic
models for the description of relevant physical phenomena.

» Understand the concept of persistence and its significant impact on increasing uncertainty.
» Formulate and solve engineering problems in the presence of uncertain parameters.
» Delve deeper on the influence of uncertainties in the process of analysis and design of structures.




General abilities

AauBavovTagumrown Tic YEVIKES IKAVOTNTES TTOU TTPETTEI VA EXEI ATTOKTHOEI O TITUXI0UXOG (OTTWS QUTEC avaypd@ovTal GTO
lNapéprnua AimAwparog kai mapariBevral akoAoUBwg) o€ moia / TToIEG AT QUTES ATTOOKOTIEI TO UGonuas;.

Avadnmon, avdAuon kai ouvBeon OedOUEVWY  Kal 2X€01a0UOS Kal OlaxEipion Epywv

TANPOQOPIWY, HE TN XPACON Kal TwV Qmapaitniwyv ZeBaouog arn d1apopeTIKOTNTA Kal aTNV TTOAUTTOAITIOUIKOTNTA 2€RA0UOS
TEXVOAOYIWV aT0 QPUOIKO TTEPIBAAAOV

lNpooapuoyn o€ véeg karaaTtaaeis Anwn Emideiénkoivwvikng, emayyeAuarnikngkainOikng umeubuvorniag kai
amopdoewv euaiobnoiag og Béuara puAou

Aurévoun epyacia Ouadikn A0oKNon KPITIKAS Kal QUTOKPITIKAG

epyaacia lNpoaywyn g eAeUBEPNS, ONUIOUPYIKAS KAl ETAYWYIKAS OKEWNS

Epyaaoia o€ diebvég mepiBariov
Epyaaia ot diemiotnuoviké mepifdAiov
lMapaywyn véwv EpEUVNTIKWV IOEWV

Independent work, multi-level understanding, analytical and synthetic approach.
Good preparation for creative teamwork.

3. COURSE DESCRIPTION

1.

Struct. Eng.: Introduction to the concept of stochastic process, main classes of processes,
mondelling of uncertainties in engineering processes, series expansions, Monte Carlo simulation,
uncertainty quantification, reliability analysis and design of civil engineering systems, the role of
big data in engineering.

Hydr. Eng.: Basic principles, the role of uncertainty in engineering problems, problem types,
Introduction to Probability theory.

Struct. Eng.: Classes of stochastic processes, Stationary/Non-stationary processes,
Gaussian/Non-Gaussian process, ergodicity, Autocorrelation, Power Spectrum, Examples.

Hydr. Eng: The concept of simulation, types and uses of stochastic simulation, simulation models,
random numbers. Applications of simulation in statistical induction problems, Monte Carlo
integration and Stochastic Optimization.

Struct. Eng.: Series expansions of stochastic problems, Karhunen-Loeve expansion, Spectral
Representation method, Polynomial Chaos, Generation of artificial ground motions, Application to
the solution of stochastic differential equations.

Hydr. Eng: Random variables, statistical parameters, statistical estimation, probability
distributions and distribution fitting. The concept of entropy and its maximation. Applications of
statistical analysis in hydrological time-series.

Struct. Eng.: Monte Carlo simulation, the law of large numbers, random number generator,
Central limit theorem, Importance Sampling, Convergence analysis, Applications in engineering,
Structural reliability analysis.

Hydr. Eng: Sotchastic processes and time-series. Stationarity and Ergodicity. Autocorrelation,
Cross-correlation, climacogram. Continuous-time and discrete-time processes. Sampling and
time-series. White-noise. Applications in stochastic analysis of hydrological time-series.

Struct. Eng: Big Data in engineering problems data-driven models. Data extraction methods, data
analysis, statistical processing of data.

Hydr. Eng: The Fourier transformation and its applications to the solution of integral equations.
Convolution. Fourier transformation of the autocovariance function and the power-spectrum.
Power-spectrum extraction from time-series. Computational issues related to the power-spectrum.
Struct. Eng: Machine learning for big data, Dimensionality reduction techniques and applications
in engineering problems.

Hydr. Eng: Discrete-time models. The AR(1), AR(2), ARMA(1,1) models and their generalizations.
The general simulation method based on the SMA algorithm. Fitting of stochastic models on
historical time-series data and generation of synthetic time-series.

Struct. Eng: Surrogate modelling techniques for parametric problems, applications of stochastic
methods and machine learning algorithms for the development of surrogate models. Techniques
to accelerate the Monte Carlo method, Applications in structural reliability problems.

Hydr. Eng: Empirical justification of the existence of long-term persistence. Theoretical
justification based on the maximum entropy principle. The Hurst-Kolmogorov process and
methods for its simulation. Analysis of the effect of long-term persistence on the availability of
water resources and on the design of projects utilizing them.

Struct. Eng: Bayesian Updating methods, Updating computational models using experimental
data, Sampling algorithms, Markov chains and Markov Chain Monte Carlo Methods, the
Metropolis-Hastings algorithm. Applications in structural analysis.




Hydr. Eng: Introduction to cyclo-stationary models. The PAR ka1 PARSMA models. Application on
the design of reservoirs and the stochastic reliability analysis. A reminder on linear algebra.
Random vectors and covariance matrix. The multivariate cyclostationary PAR model.

TEACHING METHODS — STUDENT ASSESSMENT

TEACHING METHODS:
lNpéowrroue mpéowrro, EE
ATTOOTACEWS EKTTAIOEUDN K.ATT.

The lesson is delivered face-to-face, using both slides and
blackboard

TEACHING MEDIA:
XprionT.I1.E.otnAidaokadia, otnv
Epyaotnpiakiy Ekmaideuan, atnv Emkoivwvia

Use of Technology Educational Platforms in Teaching
and Communication with students (course schedule,
any notes, posting-submission of assignments,

€ TOUG QPOITNTE
HETOUS GOITTES announcements)
lepiypapovrar avaAurika o 1pO1Tog
Kai uéBodoi didackaliag.
AiaAggers, 2epvapia, Epyaomnpiakn Aoknon, Aoknon | Attendance + active
lMediou, MeAétn & avdiuon  BiBAioypagiag, participation in the course
®povrioripio, [paktik  (Tomobérnan), KAvikn 13x3=39
Adgknon, KaMitexviké Epyaoripio, Aiadpadrikn .
didackahia, Ekmaideutikés emokéwers, Exmévnon | Exams preparation
ueAétng (project), Zuyypaen epyaciag / pyaciwy,
KaAAirexvikn dnuioupyia, K.Ar. -Study
) ) . | -Homework assignments 80
Avaypdgovral ol WpeS HEAETNS TOU QoITNTH Yia KGO
uabnaoiakh 6pactnpIdTNTa KaBws Kal O WPES un : :
KaBodnyouuevng UEAETNG WOTE O OUVOAIKOS POPTOS Final Exam preparation 30
gpyaciag os emiTedo e€aunvou va avrioToiXEl aTa
standards rou ECTS
OVERALL: 180

STUDENT ASSESSMENT:
lepiypaen e diadikaaiag aloAdynong

MNwooa  AéioAdynong,  MéBodor  aloAdynong,
Alquopowrtiky Zuumepaoarikn,  Aokiuaoia
lMoAamAng  EmAoyng, Epwrhoeic  Zovrouns
Amavinong, Epwrioeic Avamruéng Aokipiwy, EtriAuon
lMpoBAnuarwv, Tpamri Epyacia, EkBeon /
Avagopd, lpogopikn Eééraon, Anuéoia
lMapouaiaon,  Epyaotnpiakny  Epyacia,  KAvikn
Eééraon AoBevoug, KaMAirexvikny Epunveia, AAAn /
AMeg

Avagépovral pntd mpoadiopiouéva KpItripla
aéloAdynang kai eav kai ou givar mpooBdaaiua armro
TOUC QOITNTEG.

Student assessment is performed on the basis of
1. A final written exam weighting 50% on the final grade
2. Problem sheets weighting 50% on the final grade

The assessment criteria are described on the course webpage.
The final exam comprises problem solving questions and short

answer questions with the objective of assessing the student
critical skills.
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